We investigated the effects of dietary phosphorus (P) intake on the bone mineralization and calcium (Ca) absorption in adult female rats. Fifteen 16-wk-old female Wistar rats were divided into three groups, and respectively fed a low-P diet containing 0.15% P (LP), a control diet containing 0.5% P (C), and a high-P diet containing 1.5% P (HP) for 42 d. The apparent Ca absorption was significantly increased with decreasing dietary P level. The serum parathyroid hormone concentration was significantly lower in the LP group than in the C and HP groups. The serum osteocalcin concentration and urinary excretion of deoxypyridinoline were significantly higher in the HP groups than in the LP and C groups. The bone mineral density of the fifth lumbar vertebra was significantly increased with decreasing dietary P level. These results indicate that the low-P diet increased Ca absorption, this being effective for bone mineralization in adult female rats.
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Key words: dietary P; bone mineralization; Ca absorption; adult female rat Excess phosphorus (P) intake causes an increase in parathyroid hormone (PTH) secretion. 1, 2) Previous reports have explained that the increase in PTH secretion reflected a decline of calcium (Ca) utilization in rats due to decreased Ca absorption. 3, 4) It is well known that chronic PTH stimulation influences osteoclastgenesis. We have previously reported that an increase in the biochemical marker of bone resorption, urinary Cterminal telopeptides of type I collagen excretion, was apparent in young male rats fed an excess-P diet.
5) It is possible to speculate that secondary hyperparathyroidism, which is caused by a decrease in Ca absorption, is concerned with bone loss by excess-P intake. Consequently, Ca absorption is an important factor for bone mineralization during excess-P intake. Although we previously reported the effect of a high-P diet on bone metabolism in young male rats, 5) little is known about the effect of dietary P intake on bone metabolism in adult female rats. We observed sex differences in the kidney mineral concentration in rats given a highphosphorus diet in the previous study. As a result in this study, the kidney Ca and P concentrations of female rats were more affected by dietary P than those of male rats. Therefore, with regard to bone mineralization, including Ca absorption, it is also important to consider sex differences. Furthermore, the age of female rats should also be considered, because estrogen secretion, which can affect bone mineralization and Ca absorption, might be altered between young and adult animals. Thus, in this study, we investigated the effects of dietary P intake on bone mineralization and Ca absorption in adult female rats.
Fifteen 16-week-old female Wistar rats, weighing 240 AE 2:4 g, were housed individually in stainless-steel rat cages at 22
C on a 12-h light/12-h dark cycle. The rats were fed a control diet based on the AIN-76 diet 6) ( Table 1 ) containing 0.5% P during a 3-day adaptation period. After this adaptation period, the rats were divided into three groups, and respectively fed a low-P diet containing 0.15% P (LP), the control diet (C), and a high-P diet containing 1.5% P (HP) for 42 days. They were allowed to eat ad libitum and given free access to y To whom correspondence should be addressed. Tel: +81-3-5477-2444; Fax: +81-3-5477-2658; E-mail: kazu@nodai.ac.jp distilled water. The Tokyo University of Agriculture Animal Use Committee approved the study, and the animals were maintained in accordance with the guidelines for the care and use of laboratory animals of the university. Feces and urine of all rats were collected for 3 days before this dissection for conducting Ca and P balance studies. After the 42-day feeding period, the rats were sacrificed, and blood and the fifth lumbar vertebra (L5) samples were collected while the animals were anesthetized. The blood samples were centrifuged to obtain the serum. The serum, urine and L5 were stored at À80 C until needed for analysis. To measure Ca and P, the urine and micropulverized fecal samples were dried, ashed, and then extracted in a 1 mol/l HCl solution. Ca was determined by an A-2000 atomic absorption spectrophotometer (Hitachi, Tokyo, Japan). 7) Serum P was determined colorimetrically with a P-test Wako kit (Wako Pure Chemical Industries, Osaka, Japan). P in the urine and feces was determined colorimetrically according to the method of Gomori. adapted for use with small animals. According to a previous report, 9) the compression load of L5 was measured with a Tensilon UTA-1T load tester (Orientec, Tokyo, Japan).
Each result is expressed as the mean AE SEM for each group of five rats. After a one-way analysis of variance (ANOVA), Fisher's PLSD test was used to determine the significant differences. Differences were considered significant at p < 0:05.
There were no significant differences in the food intake, weight gain and serum Ca concentration among the three groups. However the serum P and PTH concentrations were significantly lower in the LP group than in the C and HP groups. The apparent absorption of Ca was significantly increased with decreasing dietary P level. The urinary excretion of Ca was significantly higher in the LP group than in the C and HP groups. The apparent absorption and urinary excretion of P were significantly increased with increasing dietary P level ( Table 2 ). The serum osteocalcin concentration and urinary excretion of deoxypyridinoline were significantly higher in the HP group than in the LP and C groups. The BMC and compression load of L5 were significantly higher in the LP group than in the C and HP groups, and BMD of the L5 body was significantly increased with decreasing dietary P level (Table 3) .
Our previous studies have show that a high-P diet (1.5% P) decreased the weight gain and food intake in young male 10, 11) and female rats 11) for three weeks. With regard to the PTH secretion, we have recently reported greater PTH secretion accompanied by a decrease in serum Ca concentration in young male rats fed diets containing 1.2-1.5% P than in animals fed diets containing 0.3-0.9% P for three weeks. 10) In spite of the higher P level (1.5% P) and longer experimental period (six weeks) than were used in our previous study, the weight gain and food intake were unchanged by the high-P diet in this study. Furthermore, serum PTH concentration tended to be increased by a high-P diet (1.5% P) in adult female rats for six weeks without any decreased serum Ca concentration. These results suggest that the effects of the high-P diet were weaker in adult female rats than in young male and female rats. This discrepancy might have been due to differences in the age and sex between the previous studies and this study.
It is also known that the elevated PTH concentration from a high-P diet increased bone resorption. 5) In this study, although the high-P diet tended to elevate the serum PTH concentration, a significant increase in the urinary excretion of deoxypyridinoline by adult female rats was observed. Moreover, BMD of L5 was decreased more in adult female rats fed the high-P diet than in those fed the control diet. These results indicate that the high-P diet affected bone metabolism in adult female rats, although the effects of the high-P diet were weaker in adult female rats than in young rats.
PTH secretion reflected a decline in Ca absorption from the high-P diet. In this study, a greater decrease in apparent Ca absorption was observed in the rats fed the high-P diet than those fed the control diet. Although the mechanism for this decreased Ca absorption by dietary P remains uncertain, it is thought that the formation of insoluble Ca and P salts in the intestinal lumen is one of the important factors. 12) Consequently, the decrease in Ca absorption by the high-P diet caused secondary hyperparathyroidism which induced a high-turnover bone loss in adult female rats.
On the other hand, it was observed that BMC, BMD and the compression load of the L5 were all higher in the rats fed the low-P diet than in those fed the control diet, suggesting that the low-P diet was effective for bone mineralization in adult female rats. Moreover, the apparent Ca absorption was greatly increased, and the serum PTH concentration significantly decreased by the low-P diet. These results suggest that the low-P diet increased Ca absorption, because this diet might have formed a small amount of insoluble Ca and P salts in the intestinal lumen. Therefore, the low-P diet enhanced Ca absorption which was effective for bone mineralization in adult female rats, as well as in vitamin D receptor knockout male mice in our previous study. 13) In spite of the enhanced bone mineralization, the serum P concentration was lower in the rats fed the low-P diet than in those fed the control diet. Similarly to Ca, P is one of the important minerals for bone constitution. Hoshino et al. 14) have demonstrated that a severely low-P diet (0.03% P) impaired bone growth following a great decrease in the serum P concentration. Since the P level was higher in the low-P diet of our study (0.15%) than that of Hoshino's study, such a small decrease in serum P concentration might not have caused any trouble with bone mineralization in this study. However, adult female rats have the role to breed offspring. In a study of three successive generations of rats, Ritskes-Hoitinga et al. 15) have reported that 0.2% P in the diet sustained reproduction, but delayed bone mineralization in the first-and second-generation offspring after 4-12 week compared to 0.4% P in the diet. It was suggested that keeping the serum P concentration at the normal level might be necessary to sustain bone mineralization in next-generation offspring, although a low-P diet was effective for bone mineralization in adult females.
It has recently been reported that dietary Ca elevation decreased BMD without an adequate dietary P level in postmenopausal women, 16) and we have also reported that the dietary Ca/P ratios could regulate bone mineralization and turnover by affecting the intestinal Ca and P absorption in vitamin D receptor knockout mice. 13) In this present study, we did not change the dietary Ca level in the dietary groups and maintained an adequate level in the diets (0.5%). However, a decreased dietary P level led to an increased dietary Ca/P ratio, and then to increased Ca absorption and bone mineralization in adult female rats.
This study investigated the effects of dietary P intake on bone mineralization and Ca absorption in adult female rats. The apparent Ca absorption and BMD of L5 were significantly increased with decreasing dietary P level. These results suggest that a high Ca/P ratio, due to the low P level in the diet, increased Ca absorption which was effective for bone mineralization in adult female rats.
